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Mud from yesterday

• How does Ada interface other 
languages?
– Annex B ALRM

• What makes Ada more robust than e.g. 
C++ or Java
– Ada enforces good programming practices

• Exception handling
• Type safety…

– Good engineering is the key
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Today

• Lego Mindstorms Logistics

• RCX 2.0

• Ada/Mindstorms Basics

• Programming Examples
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PRS

Have you used Lego Mindstorms 
before?

1. No previous experience

2. I have some experience using Lego 
Mindstorms

3. I feel confident in building Lego 
Mindstorms robots and/or programming 
them
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Lego Mindstorms Logistics

• Teams of 3 per 1 Lego kit
– Collaborate on the pset questions that 

involve Lego Mindstorms

• Instructions on taking ownership of the 
kits will be distributed via email

• Handle the kits and parts responsibly 
– Kits will be used in upcoming courses 

(16.00, 16.35 and 16.unified)
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The Lego Mindstorms
Robotics Invention System 2.0

• RCX™ Microcomputer
• CD-ROM Software
• USB Infrared Transmitter
• 718 pieces, including:

– 2 Motors
– 2 Touch Sensors
– 1 Light Sensor
– (+1 Rotation Sensor)

http://www.latoys.com/lego/images/lego_3804.jpg http://www.gibsonteched.com/media/legomindstormparts2.jpg
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RCX 2.0

Inputs

Outputs

IR Port
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RCX 2.0

http://www.osamu.nop.or.jp/mindstorms/img/ris1.jpg
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Ada – Hello World
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Ada – Reformatting
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Ada – Compile to Listing
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Ada/Mindstorms 2.0

• Ada -> NQC -> Lego Bytecode
– Supports a small subset of Ada95

• Lego package
– Subprograms 
– Types
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Ada Mindstorms

Select Target

http://www.usafa.af.mil/dfcs/Ada_Mindstorms_manual.htm
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Sensors

• Touch
• Rotation
• Light
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Sensor Ports
type Sensor_Port is (Input_1, Input_2, Input_3);

• Type
• Mode type Sensor_Type is

(Type_Touch, -- a touch sensor
Type_Temperature,-- a temperature sensor
Type_Light,      -- a light sensor 
Type_Rotation);  -- a rotation sensor

type Sensor_Mode is (
Mode_Raw, -- number from 0 to 1023
Mode_Bool, -- 0 or 1
Mode_Edge, -- counts number of Boolean transitions

Mode_Pulse, -- counts number of Boolean periods
Mode_Percent, -- number from 1 to 100
Mode_Celsius, -- degrees C
Mode_Fahrenheit, -- degrees F
Mode_Rotation); -- counts rotations
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Creating Sensor Ports

• Set_Sensor_Type(Sensor => Sensor_1, 
Mode => Type_Touch);

• Set_Sensor_Mode(Sensor => Sensor_1, 
Mode => Mode_Edge);

Or

• Config_Sensor(Sensor => Sensor_1, 
Configuration => Config_Edge);

Appendix A:  Ada/Mindstorms API
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Output Ports

• Mode
• Direction
• Power Level

type Output_Mode_Type is (Output_Mode_On, Output_Mode_Off);

type Output_Direction is (Output_Direction_Forward, 
Output_Direction_Reverse,  Output_Direction_Toggle);

type Power_Type is range 0..7;
Power_Low   :  constant Power_Type := 1;
Power_Half  :  constant Power_Type := 4;
Power_High  :  constant Power_Type := 7;

type Output_Port is (Output_A, Output_B, Output_C);
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Configuring Output Ports

• Set_Output_Mode(Output => Output_1,
Mode   => Output_Mode_On);

or

• Output_On(Output => Output_1);
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Example

• What is the rover doing?
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Example 1/6
with Lego;

use Lego; 

procedure Demo_Basic_Rover is

Left  : constant Integer := 0; 

Right : constant Integer := 1; 

Drive : constant Output_Port := Output_A; 

Steer : constant Output_Port := Output_B; 

Straight : constant Sensor_Port := Sensor_1; 

Bumper   : constant Sensor_Port := Sensor_2; 
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procedure Initialize_Rover is

begin

Config_Sensor( Sensor => Straight, 
Config => Config_Touch);

Config_Sensor( Sensor => Bumper, 
Config => Config_Touch);

Output_Power( Output => Drive, 
Power  => Power_High);

Output_Power( Output => Steer, 
Power  => Power_Low);

Steer_Center;

end Initialize_Rover;

Example 2/6
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Example 3/6
procedure Steer_Left is
begin
Output_On_Forward(Output => Steer);
Wait(Hundredths_Of_A_Second => 25);
Output_Off(Output => Steer);
end Steer_Left;

procedure Steer_Center is
begin
Set_Output_Direction(Output => Steer,

Direction => Output_Direction_Toggle);
Output_On(Output => Steer);
while (Get_Sensor_Value(Sensor=>Straight) =0) loop

Wait(Hundredths_Of_A_Second => 1);
end loop;
Output_Off(Output => Steer);
end Steer_Center;
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Example 4/6

procedure Turn ( Direction : in Integer ) is

begin

if Direction = Left then

Steer_Center;

Steer_Left;

else

Steer_Center;

Steer_Right;

end if;

end Turn;
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Example 5/6

procedure Go_Forward is
begin

Output_On(Output => Drive);
end Go_Forward;

procedure Forward (Tenths_Of_A_Second : in Integer ) is

begin
Output_On_Forward(Output => Drive);
Wait(Hundredths_Of_A_Second => 

Tenths_Of_A_Second * 10);
Output_Off(Output => Drive);

end Forward;
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begin

Initialize_Rover;

Forward(20);

Turn(Left);

Forward(5);

Steer_Center;

Back(20);

Turn(Right);

Back(5);

Steer_Center;

Forward(20);

end Demo_Basic_Rover;

Example 6/6


